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A B S T R A C T
In forensic evaluation of charred corpses, internal detrimental signs may result as more signiﬁcant of
those observed during external examination and is often arduous to state if a victim was exposed to ﬁre
before or after death. When the histological analysis of the remaining internal viscera is necessary, the
massive destruction caused by the lesion, the charring and the coarctation of the samples don't allow to
give further information or to determine the remaining organic components of the viscera. This limit is
determined by the intrinsic characteristics of this thermal lesivity of self-maintenance even after the
exitus of the subject, worsening the initial detrimental framework. The Authors, with the purpose of
improving the microscopic visualization of the samples collected from cadavers with peculiar
deterioration, as in case of carbonization, suggest the use of a speciﬁc technical protocol based on
the use of Sandison's rehydrating solution since the samples treated with this solution showed, at
microscopic examination, a substantial histological-morphological improvement.
© 2019 Elsevier B.V. All rights reserved.
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Charring is the most severe stage of the lesions caused by the
exposition of the tissues to very high temperatures through the
direct effect of a ﬂame. Generally, this detrimental mean causes a
darkening of the skin and a dry aspect of its surface, sometimes
leaving spot-size areas untouched [1]. The cadaver shows the
characteristic aspect of the “ﬁghter” due to the forced muscular-
tendinous contraction and self-amputation of the limbs is possible
[2]. When charring is extended to the deep tissues [3] a volumetric
reduction of the internal organs caused by dehydration, lesions due
to expansion of intracavitary gasses and coagulative cataract can be
observed.
Autopsy examination on these cadavers is arduous under
several aspects, such as for personal identiﬁcation, for chronologi-
cal determination of the lesions observed – in order to collocate
them ante- or postmortem-, for stating the dynamic of the events
in order to discriminate between accident, suicide [4] homicide/
cadaver’s destruction [5] and, ﬁnally, for identifying the type of
propellant used as a primer [2].* Corresponding author at: Sezione di Medicina Legale, Università degli Studi, Via Lu
E-mail address: riccardo.zoia@unimi.it (R. Zoja).
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0379-0738/© 2019 Elsevier B.V. All rights reserved.On the charred corpse, the microscopic examination can be
particularly difﬁcult since not only the fragile, disrupted and
extremely dry tissues can be easily lost during standard
histological processing, but also because the few histological
slides obtained are characterized by frequent technical artifacts.
The Authors have applied, for the ﬁrst time ever, the Sandison’s
rehydrating solution on charred cadaveric tissues in order to assess
whether its application could improve the histological architecture
of both cadaveric skin and internal organs. The procedure proved to
be useful and effective, allowing us to obtain higher quality
histological sections - reduction of the destructive thermal effects
- compared to the equivalent ones obtained following the tissue
ﬁxation only in formalin. In this study, therefore, we present the
microscopicﬁndings achievedafter the application of this technique.
2. Materials and methods
We have considered 22 charred corpses (Fig. 1) that underwent
judicial autopsy at the Bureau of Legal Medicine of the University of
Milan between January 2016 and June 2018.igi Mangiagalli, 37, 20133 Milano, Italy.
Fig. 1. In A: macroscopic overview of a cadaver with complete carbonization of the body and loss of the limbs. In B: a particular of the fragments of internal viscera (a victim of
charring in a car due to accidental explosion of the gas tank).
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Caucasian exception made for one corpse of Negroid race. The
corpses enrolled in the study belonged to 18 males and 4 females
deceased because of accidents in 14 cases, suicide in 5 cases and
homicide in the remaining 3 cases. On the whole, we sampled 59
fragments of skin (9 from the scalp; 3 from the neck; 12 of thoracic
skin; 6 of abdominal skin; 17 of skin of the upper limbs and 12 of
skin of the lower limbs) and 72 fragments of internal organs. In
both cases, the sampling was performed in correspondence of the
areas affected by macroscopic lesions caused by excessive heat.
(Table 1)
The 131 biological samples, with dimensions of 2.0  0.5 cm,
were samples in double (with a total amount of 262 samples) and
underwent two different procedures: the ﬁrst half (samples A) was
directly ﬁxated in 10 % buffered formalin while the other half
(samples B) was previously treated for three days with Sandison’s
rehydrating solution and then ﬁxated in 10 % buffered formalin.
After ﬁxation, all samples were dehydrated with standard
procedures for 20 h in an automatic histological processor thanks
to increasing ethanol solutions, clariﬁed with xylene substitute
and embedded in parafﬁn with high meltig point (6558 C). From
all the samples we cut out 2-m-thick slides by means of a Reichert
microtome and we stained one of them with H&E staining and the
other one with Masson-Goldner’s trichrome technique. The latter
histochemical staining, being able to well differentiate connective
tissue from muscular tissue, was used in order to better evaluate
the potential rehydrating effect of Sandison’s solution. Finally, the
obtained slides were observed with a Leica DMR microscope and
the most signiﬁcative areas were photographed with a Leica
DC300 F digital camera.
3. Results
Microscopic observation of charred tissues treated with the two
different procedures (Group A with standard ﬁxation and Group B
pretreated with Sandison’s rehydrating solution) has revealed
important results.Samples belonging to Group A showed morphological and
structural alterations typical of this type of lesivity, such as various
artifacts resulting from drying/charring of the structures, wide-
spread deposits of blackish matter, structural irregularities, wide
areas of complete destruction of the prepared slides, detachment
and loss of several portions of histological slides and altered tissue
stainability.
Vice versa, samples belonging to Group B showed a signiﬁcant
improvement of the general histological architecture, lacking of
the typical destructive effects characterizing this kind of lesion.
The main morphological and structural differences between
these two groups are reported divided in three major categories:
tegument, parenchymatous viscera and hollow organs.
3.1. Tegument
We analyzed samples of skin
In formalin, presence of wide areas of charring of the
epithelium, of the dermis, of the superﬁcial portions of
the subcutaneous adipose tissue and of the tissue surrounding
the muscles. In few spared areas, epithelium with marked
coagulative effects, partial detachment of the dermal connective
tissue and separation of the muscular ﬁbers. A severe coagulation
of the glands of the adnexa could be noted along with an alteration
in stainability (pronouncedly basophilic) with a brownish-blackish
coloration, wide lacerated areas and extensive protein coagulation.
In the context of muscular tissue, several contraction band necrosis
areas could be observed. Pre-treatment with Sandison’s rehydrat-
ing solution showed a visible improvement of the general
morphology of the tissue: the epithelium resulted to be conserved
and well recognizable nonetheless a marked dissociation of the
connective ﬁbers of the dermis could be noted. Sub-epithelial
connective tissue showed few ripples and the vascular structures
resulted to be recognizable. Only focal areas of muscle ﬁbers
degenerative phenomena could be highlighted along with a
modest volumetric reduction of the ﬁbers themselves and
conﬂuent pyknotic nuclei (Fig.2).
Table 1
General presentation of the sampling assessed on charred corpses.
N. Case Age Sex Manner of death Biologic sample
Skin* Brain Lung Heart Liver Spleen Kidney Other organs x
1 39 F Homicide X X X X X X X X
2 40 M Homicide X X X X X X X X
3 74 M Suicide X X X X X X X
4 21 M Suicide X X X X X X X
5 55 M Suicide X X X X X X X
6 36 F Suicide X X X X X X X
7 NAS M Homicide X X X X X X X X
8 79 F Accidental X
9 63 F Accidental X
10 86 M Accidental X
11 75 M Accidental X X X X
12 56 M Suicide X X X X X X X
13 23 M Accidental X X X
14 44 M Accidental X
15 72 M Accidental X
16 38 M Accidental X X X
17 27 M Accidental X
18 62 M Accidental X
19 34 M Accidental X
20 44 M Accidental X
21 56 M Accidental X X
22 69 M Accidental X X X
* includes several sites of lesions with charred areas.
x includes other charred sites: dura mater, cerebellum, aorta, esophagus, bowel e stomach.
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We used samples of brain, cerebellum, dura mater, lung, liver,
spleen and kidney.
3.2.1. Brain
In formalin, cerebral tissue could not be histologically evaluated
due to marked structural alterations caused by coagulation,
charring, general fragmentation of the tissue, extensive peri-
cellular vacuolization and marked nuclear pyknosis. Pre-treatment
with Sandison’s rehydrating solution showed a clear improvement
of the general histological architecture of the tissue, with a good
degree of conservation of the structures: vacuolization disap-
peared and the coagulative alterations of the white matter could
not be observed anymore.
3.2.2. Cerebellum
In formalin, modest preservation of the cellular and histological
architecture, with several lacerations of the tissue and rough
vacuolization of the internal areas. Pre-treatment with Sandison’s
rehydrating solution eliminated lacerations and heat bubbles; the
cellular component resulted to be recognizable nevertheless
homogenization and nuclear pyknosis were still observable. The
loss of few nuclear structures of the nervous cells could still be
highlighted (Fig. 3a).
3.2.3. Dura mater
In formalin, marked detachment, severe alteration of the
structural morphology and coagulative degeneration of the
connective ﬁbers along with nuclear pyknosis of severe stage.
Pre-treatment with Sandison’s rehydrating solution didn’t signiﬁ-
cantly improve the histo-architectural aspect since severe alter-
ations caused by heat could still be noted in the protein structures
along with coagulative degeneration of the connective tissues and
nuclear pyknosis. However, cellular morphology could be consid-
ered as improved if compared to the samples solely ﬁxated in
formalin.3.2.4. Lungs
In formalin, severe complete carbonization of the pleural layer
and of the superﬁcial parenchyma, coagulation and pyknosis of
the underlining pulmonary tissue, wide hemorrhagic intra-
alveolar foci, restriction of the alveolar septs and diffuse heat
bubbles in the sub-pleural tissue. Alveolar structures appeared to
be compressed and some alveolar walls collapsed. Pre-treatment
with Sandison’s rehydrating solution showed an improvement in
the morphological structure since the pleural surface was still
recognizable nevertheless the effects of heat are still observable
(protein coagulation and nuclear pyknosis). A similar improve-
ment could be observed also in the parenchymatous area where
the alveolar structures were still recognizable nevertheless the
alveolar spaces resulted to be dilatated of variable dimensions
due to heat alterations. The compact aspect of the alveoli that
could be noted in samples ﬁxated in formal is no longer
detectable (Fig. 3b).
3.2.5. Liver
In formalin, complete carbonization of the Glisson’s capsule and
of its outer layer; severe compression and fragmentation of the
parenchyma, with rare isolated foci of preserved hepatocytes and
of isolated areas of steatosis without alterations due to heat
phenomena. Pre-treatment with Sandison’s rehydrating solution
allowed us to observe a modest improvement of the histological
structure and a restoration of the morphological architecture of the
liver. The vacuolar structures in the samples could be identiﬁed as
intra-cellular, an evidence consistent with the diffuse steatosis of
the organ. Only some isolated foci of hepatocytes were still
characterized by cytoplasmatic alterations and nuclear pyknoses
caused by heat.
3.2.6. Spleen
In formalin, the capsule was still recognizable with coagulated
hemorrhagic foci and rough lacerations and vacuolization of the
underlying parenchyma that appeared to be severely coagulated
with extensive nuclear pyknosis. The parenchyma was also
Fig. 2. Skin samples. Skin directly ﬁxated in formalin with destructive thermal effects. H&E in A and E (100x); Masson-Goldner’s trichrome in C (50x) and G (100x). Skin pre-
treated with Sandison’s rehydrating solution subsequently ﬁxated in formalin, with clear morpho-structural improvement. H&E in B and F (100x); Masson-Goldner’s
trichrome in D and H (100x).
Fig. 3. a Brain and cerebellum samples. Brain directly ﬁxated in formalin with severe thermal effects. H&E in A (100x); Masson-Goldner’s trichrome in C (200x). Brain pre-
treated with Sandison’s rehydrating solution subsequently ﬁxated in formalin, with reduction of the destructive thermal effects. H&E in B (100x); Masson-Goldner’s
trichrome in D (100x). Cerebellum directly ﬁxated in formalin with severe thermal effects. H&E in E (50x); Masson-Goldner’s trichrome in G (50x). Cerebellum pre-treated
with Sandison’s rehydrating solution subsequently ﬁxated in formalin, with reduction of the destructive thermal effects. H&E in F (200x); Masson-Goldner’s trichrome in H
(100x). b. Dura mater and lung samples. Dura mater directly ﬁxated in formalin with severe thermal effects. H&E in A (50x); Masson-Goldner’s trichrome in C (50x). Dura
mater pre-treated with Sandison’s rehydrating solution subsequently ﬁxated in formalin, with partial reduction of the destructive thermal effects. H&E in B (100x); Masson-
Goldner’s trichrome in D (100x). Lung directly ﬁxated in formalin with severe thermal effects. H&E in E (100x); Masson-Goldner’s trichrome in G (100x). Lung pre-treated with
Sandison’s rehydrating solution subsequently ﬁxated in formalin, with partial reduction of the destructive thermal effects. H&E in F (100x); Masson-Goldner’s trichrome in H
(100x). c Liver and spleen samples. Liver directly ﬁxated in formalin with severe thermal effects and rare isolated foci of preserved hepatocytes. H&E in A (50x); Masson-
Goldner’s trichrome in C (100x). Liver pre-treated with Sandison’s rehydrating solution subsequently ﬁxated in formalin, with partial reduction of the destructive thermal
effects. H&E in B (50x); Masson-Goldner’s trichrome in D (100x). Spleen directly ﬁxated in formalin with destructive thermal effects. H&E in E (100x); Masson-Goldner’s
trichrome in G (50x). Spleen pre-treated with Sandison’s rehydrating solution subsequently ﬁxated in formalin, with poor reduction of the destructive thermal effects. H&E in
F (100x); Masson-Goldner’s trichrome in H (100x). d Kidney samples. Kidney directly ﬁxated in formalin with severe thermal effects. H&E in A (100x); Masson-Goldner’s
trichrome in C (100x). Kidney pre-treated with Sandison’s rehydrating solution subsequently ﬁxated in formalin, with modest morpho-structural improvement. H&E in B
(100x); Masson-Goldner’s trichrome in D (100x).
4 G. Gentile et al. / Forensic Science International 306 (2020) 110066characterized by the presence of septs formed by agglomeration
of altered lymphoid cells. Pre-treatment with Sandison’s rehyd-
rating solution did not show a marked improvement of the
structures since the rough alterations of the capsule and of theparenchyma that could be observed in the samples ﬁxated in
formalin endured. However, some splenic septs surrounded by
lymphoid follicles and small peri-trabecular lymphoid clusters
could be recognized (Fig. 3c).
Fig. 3. (Continued)
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In formalin, wide areas of sub-capsular charring with deposi-
tion of blackish and homogeneous material. The underlining area
was characterized by an extended protein coagulation with almost
complete loss of the tubules (the area colored in red-orange in the
microscopic samples). In the parenchyma underneath, the renal
corpuscle were still recognizable with cytoplasm of homogeneous
aspect and microscopic vacuoles. It was also observed the absence
of the nuclei, the rough vacuolization of the parenchyma, the
marked alterations and the absence of the glomeruli, associated
moreover with the severe narrowing of the glomerulus capillaries.
Pre-treatment with Sandison’s rehydrating solution did not
demonstrate a marked improvement of the sub-capsular area
since the diffuse pyknosis of the nuclei and the constrained
parenchyma, associated with the vacuolization of the renal tissue
in the more damaged areas could still be observed. Some
glomeruli, however, resulted to be more evident (Fig. 3d).
3.3. Hollow organs
We analyzed samples of esophagus, aorta, heart and small
intestine.
3.3.1. Esophagus
In formalin, alterations that could be ascribed to the hardening
caused by heat, with wide fragmentation and only small foci of
intact muscular wall. Pre-treatment with Sandison’s rehydrating
solution allowed to recognize the cellular structures even though a
detachment of the epithelium from the basal membrane, a
coarctation and fragmentation of the sub-epithelial connective
tissue and nuclear pyknosis in the areas subjected to detachment.
In the areas close to carbonization, the epithelial structures
appeared to be conserved.
3.3.2. Aorta
In formalin, rough vacuolization and iper-eosinophilic parallel
stripes. This typical artifact known as “roller shatter” is caused by the
excessive hardening of the tissue that produces a “jump” of the blade
of a certain amount of microns during slide-cutting. Pre-treatmentwith Sandison’s rehydrating solution allowed to recover the
structure of the aorta and the artifact was not visible anymore
(Fig. 4a).
3.3.3. Heart
In formalin, complete loss of pericardial adipose tissue caused
by carbonization, marked charring, nuclear pyknosis of the
endocardial muscular tissue and absence of the cellular outline.
Rough vacuolization associated with coagulative alterations
caused by heat were conﬁrmed by the intense eosinophilic
staining of the cytoplasm. Widespread foci of contraction bundle
necrosis with conﬂuent nuclear pyknosis forming a structure
similar to a chain. Pre-treatment with Sandison’s rehydrating
solution did not eliminate degenerative alterations of the
pericardial adipose tissue that resulted to by charred; sub-
endocardial ﬁbers were fragmented and bundle necrosis was
particularly evident. Small foci of cellular damage similar to that
observed in formalin ﬁxation could be demonstrated (Fig. 4b)
3.3.4. Small intestine
In formalin, severe alterations due to heat that involved the
tissue until the muscular wall and disappearance of the sub-
mucous adipose tissue. The intestinal wall was affected by rough
structural alterations with charred areas, fragmented ﬁbers and a
few foci of spared wall hardly recognizable. Pre-treatment with
Sandison’s rehydrating solution allowed to preserve the general
architecture of the intestinal villi nevertheless some marked
coagulative alterations of the cells with pyknotic nuclei and
charred material could be still noted. The entire muscular wall was
substituted by charred material (Fig. 4c).
4. Discussion
The use of different rehydrating solutions is increasingly taking
place in various forensic procedures: for identiﬁcation protocols on
mummiﬁed phalanges [6], in the entomologic ﬁeld for the
procedures involving Diptera larvae [7], on cadavers undergoing
colorativo/emphysematous phenomena in order to evaluate the
cutaneous furrow cause by hanging mechanical asphyxia [8] and
Fig. 4. a Esophagus and aorta samples. Esophagus directly ﬁxated in formalin with severe thermal effects. H&E in A (50x); Masson-Goldner’s trichrome in C (50x). Esophagus
pre-treated with Sandison’s rehydrating solution subsequently ﬁxated in formalin, with partial reduction of the destructive thermal effects. H&E in B (100x); Masson-
Goldner’s trichrome in D (100x). Aorta directly ﬁxated in formalin with severe thermal effects. H&E in E (100x); Masson-Goldner’s trichrome in G (100x). Aorta pre-treated
with Sandison’s rehydrating solution subsequently ﬁxated in formalin, with modest morpho-structural improvement. H&E in F (50x); Masson-Goldner’s trichrome in H (50x).
b Heart samples. Heart directly ﬁxated in formalin with destructive thermal effects. H&E in A and E (100x); Masson-Goldner’s trichrome in C (200x) and G (50x). Skin pre-
treated with Sandison’s rehydrating solution subsequently ﬁxated in formalin, with partial reduction of the destructive thermal effects and persistence of contraction band
necrosis areas. H&E in B (50x) and F (100x); Masson-Goldner’s trichrome in D (200x) and H (400x). c Small intestine samples. Small intestine directly ﬁxated in formalin with
destructive thermal effects. H&E in A (100x); Masson-Goldner’s trichrome in C (50x). Small intestine pre-treated with Sandison’s rehydrating solution subsequently ﬁxated in
formalin, with poor reduction of the destructive thermal effects. H&E in B (100x); Masson-Goldner’s trichrome in D (100x).
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ena- coriﬁcation and mummiﬁcation [9] in order to improve the
histological examination
We have applied the Sandison’s rehydrating solution, for the
ﬁrst time ever, to cutaneous and visceral samples collected from 22
charred corpses. The histological slides observed after both H&E
and Masson-Goldner’s trichrome staining, showed qualitatively
superior morpho-structural aspects compared to those obtained
by routine ﬁxation with formalin. Actually, the Sandison’s
rehydrating solution by means of an emulsiﬁer in it - sodium
carbonate Na2CO3 – penetrates deep and homogeneously into the
cadaveric tissues, by means of a solvent - 96 % ethanol - stabilizes
the tissues and prevents their collapse and, ﬁnally, by means of a
ﬁxative - formalin - inactivates the bacteria [9]. For these reasons,
this technique has determined a good improvement both of the
tissue morphology and of its stainability, with the restoration of
the structures and partial elimination of the artifacts related to
hyper-thermal lesivity, well-known destructive lesivity.On the whole, compared to the samples obtained by routine
ﬁxation with formalin, its use on skin samples has produced a clear
improvement of the tissue morphology, on parenchymatous viscera it
has partiallyeliminated the alterations causedby severe charring with
a discreet improvement and on hollow organs it allowed a moderate
regeneration of histological structures. In detail, the Sandison’s
rehydrating solution proved to be particularly effective on skin, brain
and aorta samples; it allowed to obtain a partial histomorphological
restoration of dura mater, esophagus, lung, heart liver and kidney
samples; it did not allow to obtain signiﬁcant improvements of spleen
and small intestine samples, in which signs of heat protein
coagulation, coarctations and foci of nuclear pyknosis persisted.
Considering the microscopic ﬁndings achieved in the two groups,
thesamples obtainedafter pre-treatment with Sandison’s rehydrating
solution are of higher quality than those ﬁxed directly in formalin.
Therefore, we consider the use of this rehydrating solution on charred
cadaveric tissues to be valid, nevertheless it was observed a less
morpho-structural improvement on few viscera. Actually, in all cases,
G. Gentile et al. / Forensic Science International 306 (2020) 110066 7its regeneratingactionhasreduced,even onlypartially, thedestructive
effects induced bycarbonization. In thecaseofcharred corpses as well,
as for the skin samples of mummiﬁed and coriﬁed cadavers [9],
rehydration with Sandison's solution of skin and visceral samples
resulted to be of simple fulﬁllment, low cost and a precious tool in the
evaluation of these cases, characterized by marked histomorpho-
logicaldistortions.Basedonourexperience, therefore,werecommend
its use in the histological approach of samples of charred skin and
viscera.
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